— 
7 
- 
F 
ey 
= 
* 
o 
4 


.* 
4 — 
* 
* 


ö 
N 
c Curve. 
» 


9 
85 


| 


, poliſhin 


8 


"OMPOS 


- 
- 


4 


bolt 


true para 


- 


IT 
TELESCOPES. 


din 


TH. 
Oo HN MUDGE. 


2 I ba — x: - 5 9 
45 b I 8 | 7b 
5 + | 2 & -- S XY = 
= -$ I 
x UN . — Þ.y 
| | | 5 * 2 


Read at the ROYAL SOCIETY, Feb. 27. March 6. and 13. 1777. 


ETAL 
A Deſcr 
giving 


g . 
* 
: 5 | l 
, = $ * 4 
OS I F 4 a 1 5 N nh 4 . = — 
e . a % — . a f ' 2 * 
4 Co , FRET, + WEIS _ e 5 a , 


— 
2 
* 
* 
my . 
I 
122 | A 
7 + % 
+ 
93 
& 


Reer 


- 


ON 


N D 


L O 


? 
ry 


* 


. - — 
. ; 
5 
FE = 
= 5 > 
fa XN 
o& =; 
8 8 
oO 2 
3 | 
5 
2 


* 


25 
- 
- 


CHOLS 


* 


ot 
«Ks. 
2 
1 
1 
* 

*# ' 
þ ** 
— 


"ey 


ow, 


* 
2 

* 
2 * 
br 4 


—— 


— 


) 


—— — 


— -- 


— —ä—ä— — — 


1 


* 
„ 


* 


and HADLEY, Which is publithed in Dr. r rs © a! 


what the workmen have yu | 


ing account avoid: a 
there given, and only re 


proceſs which I think are efſentially defective, and ſup- 


4 


ply them by 2 method of thy own,” which, from long 


referring to the above 
ig the giges, patterns, 


as t great many other par- 
my 100 bis bag Iii 


* - 
4 19 N 7 * 1 - * £4 * 
d D113 8 Oi DSO! Yo ef Bb 
"F IP FE 33 { 
LJ 


14 3 by 'MeſT-MOUYNEUX | 


—— 


„ 8 


$* 


% . 7 1 1 : * 
Rr 2 


n 


1 


; 
; 
; 


2 F 


4 8 & 


rn 


n 


- 


tos, BY 
8 


* 


4 


N 


2 - 


the 


t 


K 


1 
- 


„ 
« 
A 
4 

= 


* 


42 
aſl 


4 


C1 


„ 5 22808 


* 
5 


, 


&n alle 
Beef 


xexfc 


© # 


$ its, 


— 


ir ſeveral defects. 


Y 


8 


& 


e 
Ay 


ver 


} 


* 
* 


— 


have 


all which 
parts copper and 


if 


2 


7 


J * » 
as 
x» % . FLINT e ei, 1 , 
* - W 4 \ 
* 9 13 — * mY + 
. * * 
* 
0 . 4 
a 
4% B 
s 
* 
A * 
- ay 
a 
> 
C 
2 
* ja 4 
* 
x bl 
„ 
* - 
- ” * Q 


JE. 


lab 


, 


* 


A 


-S 


* 
x 


ſuppoſe, 


k ** 
» 4 
o # * 
— 
* 
* * Wo” $2 
1 - a ” 4 # * 
„ * 
* * - 
5 : 
Pg * 
— 4 : . 
1 © þ. 
— 
' > . —_— 
* 1 * 
: * 
- p 4 
fab 
- 1 * : * « * 
«5 
* 4 
2 2 * o F - — 
EF + 
25 e 
_ 7 * 3 I's 
_—_ = oy +5 A « + 
9 
= - 7 9 ”” 1 5 Wow a5 5 
> 8 * nnn FER 08] 4% x 
FF FRE 7 ee » a n 3 
15 : v 
< 1 2 - 
Bos Lane : A ” 1 


=Y 
3 


* 
1 


o 


4 


f the 


Oo 


7 


er 


"4 


os 
third 


* 
> 
? 


ore 
tk 3. 


7 
* 


aſed to a 


* 
L 

0 
+>. 


77 


— 


= 


I 


* 


ſtill harder, 


whiter, 


ſh 


. 


E 


* 


rin 


. 


tin be 


* 


antity of 


the qu 


; whole: tion, a it will u wen have its utmoſt whiteneſs; ? 
but will be rendered at the ſame time ſo exceedingly . 
hard and brittle, that the. fineſt waſhed emery upon lead 
or braſs will not cut it without breaking up its ſur face; 
and the common blue ſtones uſed, in grinding the ſpe- - 
culum, will not touch it. Mr. JACKSON, (ſome time ſince - 
dead) a mathematical. ir inſtrun ent maker, and a moſt ex- 
| cellent Workman, told me, that the tin was increaſed to 
the above proportion in bis metals; but that they were 
o exceedingly hard, that it coſt him an infinite deal of 
pains, and a journey of two hundred miles, to find out a 
ſtone of ſufficient handn6ls: to cut it, and whoſe: texture 
at the fame time was fine enough not to injure its ſurface... 
I have ſeen ſeveral of his finiſhed metals; they were in- 
; deed perfectiy hard and white; but the Kind of ſtone with 


3 K® & 


Which he ground. then he kept a ſecret. x 

| After many experiments with various proportions. of... 
tin and copper, by gradually increaſing the former, I at 
laſt found that fourteen ounces and an half of grain-tin 
to two pounds of good Swediſh copper, made a beautiful... 
white .and very hard metal; ſo hard indeed, that the. 
ſtones would but barely cut it, and waſhed emery on. 
braſs or tin but juſt grind. the ſurface without breaking 
it up; whereas the proportion of tin being increaſed by the 
addition of only another half ounce, the former i incon- 


 venience. .: 


OO Thus im af the two o bra benen. 
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is, the 


ecture #4" £ 


cauſe of my ſucceſs or difappointment. The de were bud 5 
very ſmall that they were notdiſcoverable when themeral 8 


being at all able to form a probable conjecture 


o 


had received a good 
till the laft and higheſt 


and figure upon the hones, nor” 


had been given; and then 
it frequently appeared as if duſted over with millions of 


microſcopic pores, which were exceedingly prejudiciat* _ 
in two reſpects; for firſt, they became in time a lodg- 8 
ment for a 


moiſture which tarniſhed the ſurface; and 
ſecondly, on poliſhing the ſpeculum, the putty necefſa- 


+4 
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rily rounded off the edges of the pores, ſo as to ſpoil 4 


great part of the metal, by the loſs of as much light an ald 


\ | tharpneſs 
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 nordertogetridof this miſchief, and to, aſcertain the 
.cauſe to which it was owing, there was this additional 
_inconyenience attending it, vix. that the fault was not 
5 diſcoyered, as was. obſerved before, till 2 great deal of 
le had been taken in grinding and even poliſhing 
che metal, the whole of which was rendered uſeleſs by 


we mortifying diſcovery of this defect. 
I as extricated at laſt from this difficulty, and i in 8 


ber of e ats, and having melted down all the good 
opper 1 had or could procure; though puzzled and fa- 
dgued, yet not caring to give it up, 1 recollected that I 
had ſorne metal which was reſerved out of curioſity, 
and was a part of one the bells of St. Andrew's which 
had been re- caſt. Expecting, however, very little from 
this groſs and uncertain compoſition, I was nevertheleſs 
determined to ſee what could be made of it by enriching 
* _ . the compoſition. with a little freſh tin. Accordingly 
. caſting a metal with it, it turned out perfectly free from 

. Pores, and in every reſpect as fine a metal as ever I ſaw. 
I could not at firſt conceive to what this ſucceſs was 

owing; but at laſt I hit upon the real cauſe of that defect, 
which: 


00 by accident. Having one day made a great num 
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er een it. 8 1 2 [-5 3 : $4 z 9 5 | 
TRE: had hitherto 5 aways male he copper in} "nid | 


. 5 Anse e to Sanfter that putty was calcined 4th, bf 
= and ſtrongly ſuſpected, that the exceſſive heat which tlie 
| 15 | copper neceſſarily undergoes before fuſion, * was ſufficient  - 
to reduce part of the tin to this ſtate of calcination; -which 


1 therefore might fly off from the compoſition in tlie foren N 
38 1 | iy f of putty, at the time the metal was poured into the flaiks. | 
=_ 5: Upon this idea, after 1 had furniſhed 'myſelf ue 
—_ - © -Yome more Swediſh copper and grain-tin (both which | 
| | | 5 | Had always before uſed) I melted the copper, and having 
i | added the tin as uſual to it, caſt the whole into ati in- 
—_  - got: this was, as J expected, porous. I then melted it 
3 | again, and as in this mixed ftate it did not acquire malf . 
} T Li "the heat which was before neceſſary to melt the copper 
: alone, fo it was not ſufficient to calcine the tin; the ſpe- 
| | culum was then perfectly cloſe, and free from this fault; 
| . | nor did 1 ever after, in a ſingle en meet with the 
. above mentioned imperfection. e 
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ſolutely neceſſary. It is to be'obſerved; how 
ſame metal, by frequent melting, loſes ſomething df its 

| hardneſs and whiteneſs: when this is the caſe, it becomes 
* neceſſary to enrich. the metal by the addition of a little 


| wrought and perle 
df Swediſh' copper; and whe! wW melted/ ug ad Aon 


ounces and a half of grain-tin to it; chen, having taken 


off the ſcoria, to caft it into an itrgot.” This metal tmiſt be 


a ſecond time melted to caſt the ſpeculum; but as it will 
fuſe in this compound ſtate with a ſmall heat, and there- 


fore will-not calcine thetin into putty, it ſhould be poured 
off as ſoon as it is melted, giving it no more heat than is ab- 
ye ver, that the 


tin, perhaps in the proportion of half an ounce” to a 
pound; And'indeed when the metal is firſt made, if in⸗ 
ftead of adding the fourteen ounces and a half of tin to 


the two pounds of melted copper, about one ounce of 


the tin were to be reſerved and added to it in the ſucceed- 
ing melting, before it is caſt off into the tnoulds, che 
compoſition would be the more beautiful, and the grain 
of it much finer: this I know EY OT to _ the 
.. ne 22:1 fT 6 

The beſt method ber giving the welted metal a good 
ſurface is this: the moment before it ãs poured off, throw 
mto the crucible a ſpoonful of charcoal-dz $ 1 
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Perhaps, 


| preventing the pores, to the late Mr. PETER coLLIsox, 


fect as could be wiſhed (though they are all exqui- | | 
ſitely figured) I was willing by this publication, whe 4 

to remove, any future embarraſſment of this fort, 55 ad, 

tof urniſh workmen with an excellent compoſition for 


50 be, 20 poured img fe D 
twin I may not be conſidered a8 tech in c 
detail; but as thüs buſineſs, cauſed. me a great; 
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"deat of 


by which, I, was: Yates from this difficulty ever 2 
ndeec the whole of this proceſs may he uone-- 
ceſſary, as WADI Years ſince, communicated. this oom 
poſition, and I believe, at the ſame time the method of 


a member of the Royal Society; and likewiſe two or three 
years dance, at the defire of m roth er, to My. MICHBLL, 
Although it be poſſible, therefore, that this method is 
generally known, yet, as L have frequently of late ſeen 
ſpecula with this defect, and. obſerved; metals. of ſome 


of Mr. S$HORT'S teleſcopes. which are not quite ſo per- : TIS 


their metals. And would the Royal Society be pleaſed 
to honour the proceſs with a place in their. records, 1 c 
know of no other method ſo proper to give this, as well 
as the following information, a general notoriety. 
The metal being caſt, there will be no occaſion for 
me. complicated apparatus directed by Dr. sMITH, for 
FE: grinding 


ee phqmien 


Wr the Head; 4 braf Tre ares: oft Which che 
metal is to receive its Pteritat Bü 7 4 bed of tones 


which is #6 parted that figh 


Which boch the braſs grinder, iid the Bones are to be 
raed.” A 'potittier "may be confidered" a an ad- 


clonal roi! but as the braſs grinder is uſed for this pur- ny 
poſe, and its pitchy ſurface is expeditiouſly, : and without 
difficulty formed by en the apparatus is thers- 


fore not — OR 
25 * 5 07 rough erindng 1 the ſeculum. 3 
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The tool by which the rough ſurface of the Weta is 


115 


rendered ſmooth and fit for the hones, is beſt made of lead, 
Rifened with about a fifth or ſixth part of tin. This tool 
ſhou a be at leaſt a third more in diameter thin the metal 
which is to be ground; and for one of any fize, not leſs 


| than an inch thick. It may be cemented upon a block 
of wood, in order to raiſe it higher from the bench. 


This leaden tool being caſt, it muſt be fixed in the lathe, 


and turned as true as it is poſſible, by the gage, to the 


figure of the intended ſpeculum, Dy a hole or * in 
: the 
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rare J and 65 give the metal a 
fine fnodth face; and a'comcave tool or druiſer, with 
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001 "wile cut a great ot totes” There is no occaſion. 


to fear any alteratian n. the: tad of this tool, by. | 
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Feine its Na apd c cut the e very / faſt. ee kind. 
of low handle, fixed on the back of the metal with ſolt 
cement, will be ſufficient; but it ſhould cover two-thitds, all 
of its back to prevent its bendin g- This way of workin g VE 
will cut the metal faſter, and with more truth, than tie 
method deſcribed by Dr. SMI TH; for ſhould the Fag299) 


face and rough. parts be re to be groune 0d off by 691 


FS HS 


that no time would: be Ard y ie x: uſed: 1 Ni | 


ſuch a dexterity at working upon this tool, that in two 
hours time he would give a metal of four inches dia- 
meter ſo good a face and figure as even to fit it for the 
hones. When all the ſand-holes and irregularities on the 8 
face of the metal are ground off, and the whole ſurface 
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zun urn tte \ ole E 
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3 , The following ia,the, method. daß rde purtued.. 
Procure around Rout. piece of Hamburgh. brass, at 


mof} a ſixth part larger, than the metal to, be poliſhed;; 
and let it be well hammered into a degree of convexity 
(by the aſſiſtance of the gage) ſuitable to the intended 
ſpeculum. Having done this, rape and clean the con- 
| cave, fifle ſo thoroughly, that it may, be well. tinned all 
 qper;;then. caſt. upon it, after it has been preſſed a proper. 
depth nt the fand, the former, compoſition. of tin and, 
lead, an, geh. quantity, that a it may, (for a ſpeculum 
of our inches diameter) be at leaſt an inch, and an Balf. 
thick, and with a baſe. conſiderably broader than the top, 
in onder that it may ſtand firmly upon the bench ; in the 
manner hereafter t to be deſcribed. This being done, it 
muſt be fixed and turned in the Jathe, with great care, 
and of { ſuch a convexity as exactly to ſuit the concave 
| gage, which we ſuppoſe already made. It will be neceſ= - 
2 - [ne be more careful in forming this than the former 


tool, and eſpecially that no rings be left from the turning; 
| | nor 


8 
FUE 


muſt have a hole (fornewhat 155 a that in the Va | 


be weed o Hl, gw idaho 
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the ſort recommended in $MITH'S ; 
be cemented in ſmall pieces cin a Kind of 
-agreeably to his directions) upon « thitk rountf picte of© 
marble, or metal made of lead and tin Hike the förhief 
compoſition (which ã is what I have always uſed)? in Kar* 
a manner, that the lines between the ſtones maß Tu 
ftraight from one fide to the other; & that, platiig fie 


tecth-of a fine Law in eacli of theſe diviſtonis, they W 


be cleared from one end to the other of the ceffleft 
which riſes between the ones. This bed of hone” 
ſhould be at leaſt a fourth part larger thai the inetal 
which" is to be ground upon it. The ſurface of the 
; metal 


Uhle. | -As fon 8 —— and. 
the joinrs.cleared by the faw chis tool muſt be fixed in 
7 and turned as exact trus to the gage as poſ-- 
| andes which dome, it muſt be laid afide for the * 
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Ihe manner. of be the bruſſer, the eee | and. 
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This tool ſhould be likewiſe made of Une tous braſz 
like the former, perfectly. ſound, about a quarter of an 
inch thick, and hammered as hear / to the gage as poſſi- 
ble. It ſhould be then ſcraped; cleaned; and tinned on 
the convex. ſide, as the former tool Was on the concave, 
and the ſame. thickneſs of lead and tin caſt upon it. The 
Sr ſhape. of this ſhould differ-from the former; for . 
as that, increaſed in diameter at the bottom for the ſake : 
of ſtanding firmly, ſo this ſhould be only as broad at 
bottom as at top, as it is to be uſed occaſionally in both 
thoſe poſitions. When this tool is fixed in the lathe, and 
e concave to the convex 1 with _ — 
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ee with the dathe -pughty formed the andes 
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e cn e and concave: ee and Abe metal In ut 
be wrought alternately and reciprocally. upon:eachcither : 
with fine emery and water, ſo as to kerp therm cs neariy 
to the ſame figure as poſſible, in -order-to-which: ſome 
iy 4 waſhed emery muſt be procured, This is beſt done by 
_ putting it into a p hial, which muſt be half filled with. | 
|: 185 8 water ad e Al wa up,ſothat, as it ſabſides, the coarſeſt 
may fall to the bottom firſt, and the fineſt remain at the 
top: and whenever freſh emery is laid on the „the 


beſt method (which: we ſhould alſo obſerve wi the 
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of grinding he {ſpeculum, 3 the vrch tool, and the On | if : 


; . 101 13 


| All-the tools. 8 "OP upon a n poſt i in n the 
middle of a room, you are to begin to grind the braſs con- b 

vex tool with the bruiſer upon it, working the latter croſs» 

ways, with ſtrokes ſometimes acroſs its diameter, at others 

a little to the right and left, and always ſo ſhort that the 
bruiſers 
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1 wol it 0 e nee e ther 
. Ee own 
as wo; des te ſtrokes ſhould be carried 
round aud round but! nat much aver the toolz in ſhort, 
— _ they, muſt be directed in ſuch a way, and che whole 
„Sindiag conducted in Garh- a manner and with ſuch 
E part of bath tools | may wear 
WM. 7 lly. This habit of grinding, as well as the future 
one of poliſhing, will be ſoon acquired. When you have 


of hr! in this manner about a quarter of: an hour with 
> bruiſer upon the tool, it will be then neceſſary” to 
change mem, and, . placing the bruiſer upon its bottom; 

to work the convex tool upon that in the ſame manner. 

* When by working in this equable manner, alternately: 
with the bruſer-and: tool; and: occafionally adding freſh 
emery, you. have nearly: got out all the veſtiges of the 
turning tool, and brought them both nearly to a figure, 
tit will be then time to give the ſame form to the metal. 
| This muſt be done by now, and then grinding it upon 
tte braſs tool with the ſame kind of emery, taking care 
bewever, by working the two former tools frequently 


together, to keep all three exactly in the ſame curve. 
I C The 


* * 
F * * 9 = þ AT Ys 5 2 b * . 9 i F E ; en * Bs A 4 . 
* R > > W + 2 F 122 282 9 * b 5 or” * "7 * * 8 A = Fe 4 EF 9 12 2 * 8 * 15 A * 88 ä TEN a * p — 
9 = =  # ILY 55 SR Es DEE © ö 25 * n » * The EW CB RF Br Es Cx Ph Sas £5 Es NC as ont nt NT, — — n 3 n Nan For Þ TEE Meer e AK PLA tt — ren 2b hut 
* 2 CI IS — — a . 5 r A NN n W 6's n e n N * — 
. * 
4 > 
=» 
- * 1 4 
—_— = a + 5 1 
4 . ; : «Ba '. 
9 . * * 7 4 a * 3 % % 
7 1 F , * L A F 1 z 
* +» h 3 at ö 1 , . 8 
8 . . / — a * 0 
{ 1 : E tt» * 7 1 — 
. q q 
* ä BS, M 
5 * - * A 
ig * , bs oy 1% * 7 ö 7 * 7 $ . 
The N 4 mA 
5 C $ - W . 
4 . 
2 BW 
225 Ie its“ ox font f \ | ; 
* 


ph Wn noe cane ate 
Bole in the Hfddle (for teafotis tö he thewn't Ya 
miu larger than that in the rnetal; this haha e mouidbe 
=. cemented on with Pittki. The upper edge'of this weight 
muſt be rolitided off, that the fitigers may Hot be hires 

n and a grobe; about the bigneſs of *the little finger, be 
5 turned round juſt below it, for the more n 
960 homage: ode metal off the tools. Tn 
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2 8 6 Te cr 2187 nar eee, 
Wuln cher e bruiſer, braßt 15 and metal, are A 
| | | Fe to the ſame figure, and have all a true good 
43 a ſurface, the next part of the proceſs is to give u, 
= | correct ſphericat figure and a! fine: face to the mitral, 
upon the hones. . It will be neceffary to premiſe, hows 
=. ever, that the-hones ſhould be placed in a veſſel of water, 
| ö with which they ſnould be quite covered for at leaſt an 
#3 hour before they are uſed, otherwiſe they will be per- 
, petually altering their figure When the metal comes [toi 
be ground upon them. The ſame precaution is alſo ne- 

. if you are called ow from * work while, ae ARS 
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N tal, when: the. hones are fixed * to the block, ſome 


at muſt be put upon them, and, the bruiſer being 
Placed-upon [the bones: 309 xobbed thereon. Wind 2 fer ; 
. worn off; rauen a great deal af mud will be 
ſuddenly generated, it muſt he waſhed, off every quarter 
of a minute with a great deal of water. By a repetition 
of this, two or three times, the hones {being of a very ſoft. 
and. friable ſubſtance), will be cut down. to the figure, 
Without wearing or altering the bruiſer at all. Though 
this buſineſs may be quickly dene, and can be continued 
but for a few ſtrokes at a time, I need not ſay that it is 
neceſſary that thoſe ſtrokes he carried in the ſame direc- 
, and with the ſame care, which Was ee in 
grinding the former tools together. | 
- As ſoon as the hones have received the general fi gure L 
of the bruiſer, and all the turning ſtrokes are worn out 
from them, the emery muſt be carefully waſhed off; in 
order to which, it will: be neceſſary to clear it from the 
W with a bruſh under a ſtream of water. The bruiſer 
C2 and 
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no depends upon a knack in working, which ſhould be 
conducted nearly int che manner Havmg 
placedthe bruifer d Me Cetitre of the Hones, flide it in 
an equable manner forward and backward; with a OK 
or two dĩrectty acrals the diameter, a little on or Be 
and fo on the eher; cher ſhifting ycur poſitiom an eight 
part round - the! blech, and having turned: the- Bruiſfer- 
in your hand about as much, give it a ftroke- or tw 
round and round, but not far over the edges of the hones, 
and then repeat the eroſs ſtrokes as before: thoſe rum 
ſtrokes (which ought not to be above two: or / thitea 22:7 
moſt) are given every time you ſhift your own poſition: 
and that of the metals; previous to- the crofs ones; in 

order to- take out any ſtripes either in the hones or 
bruiſer, which may be ſuppoſed to be eccaflioned; by the: 
ſtraight croſs ſtrokes, During the time of working, ne- 
mud muſt be ſuffered to collect upon the hones, ſo as to 

11 . deſtroy 
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_ the hones, in the ſame cautious m waſhing off the- 
must as faft as it colle&ts, though that will be much leſs. 
now tha when the bruiſer was gr 
Every now arid then, however, the bruiſer muſt be rub- 
deck gentey and Hghtly uporr the hones, which will as ir 
pening them and preventing too great 
fmoothneſs, occaſion them to cut the metal much faſter. 
the manner before deſcribed, the hon men 
taken out all the emery ftrokes, and given a. 
. Gne face and true figure to the metal, which will be 
feebwhile- you are working, and by. which an expe- 
rienred wWorkman will form a pretty cert mei 
having proceeded thus far, 1 
metal, and judge of its figure by this more certain 
Wan the hone: pavement quite clean; then put the 
metal upon the center of it; and give two.or three light 
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60485 | | ſtrokes: 


ſome time cautiouſly wrought in 
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Nee ſtrokes: th 


the hones, and placed the ſpec upon their center, 5 
with gentle preſſure, {lide Ro Re: you u till its edge be „ 
brought a little over that of the hones, then carry it 
quite acroſs the diameter as far the other ſide, and-hax ing 
given the metal a light ſtroke or two in this c Ie 
take it off the tool. The metal being wiped quite a 
place it upon a table at alittle diſtance from a window:; | 
ſtand yourſelf as near the window, at ſome diſtance fromm 
the metal, and looking obliquely: on its ſurface, turn it 
round its axis, and you will ſee at every half turn the 
grain given by the laſt croſs ſtrokes flaſh upon your ee 
at once over the whole face of the metal. This is as cer. 
tain a proof of a true ſpherical figure as the operoſe and 
difficult method deſcribed in Dr. S$MITH's: Optics; for as 
there is nothin g ſoft or elaſtic, either in the metal or inte 
hones, this glare is a certain proof of a perfect contact ; 
in every part of the two ſurfaces; which there could not 
be if the ſpheres were not both rn and preciſely te :; 
ſame. | h 
Indeed there ls one accidental circumſtance 6s ne- 
| ceflarily affords its aid in this and every buſineſs of the 
like ſort; ; and that i is, that a concave and convex ſurface 
ground 5 
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cĩally at laſt of croſs ſtrokes in every poſſible direction 
acroſs the diameter) be formed into portions of true and 


equal ſpheres; had it not been for this lucky neceſſity, it 


would have been impoſſible to have produced that cor- 
ectneſs which is eſſential in the ſpeculum of a good re- 
flecting teleſcope by any mechanic contrivance what- 
ever. For when it is conſidered, that the errors in reflec- 


tion are four times as great as in refraction, and that the 


leaſt defect in figure is magnified by the powers of the 
inſtrument, any thing ſhort of perfection in the figure 
of the ſpeculum would be evidently nn * a want: 
gn in the performance. 28 | 
-Imuft not, however, quit this article without obfery 
ing, that J all along ſuppoſe, both in forming the tools 


and at laſt figuring the metal (and indeed the ſame muſt 
be obſerved: in the future proceſs of poliſhing) that no 
kind of preſſure is uſed that may endanger the bending 
or irregularly grinding them; they ſhould therefore be 


held with alight hand, and looſely between the fingers, 
and the motion given ſhould be in a horizontal direction, 
with no more preſſure than their own dead weight. | 

Having now finiſhed'the metaf on the hones, and ren 


dered it both in point of figure and ſurface fit for the 
2 * = laſt 


Or we working be unlfbrtg and proper, oonf Ing, en, 


will deſcribe nl pap afra. Ll 
wh + har een time are frequently: efential to 
the ſucceſs of a mechanic e can wry fapplie 
by actual experience. 2 u bi 
The poliſhing the ſpeculum i is n RR — 

eſſential part of the whole proceſs; for every expe- 
rienced workman knows, to his vexation, that the moſt 
trifling error here will be ſufficient to {pol the figure of 
his metal, and render all his preceding caution uſeleſs. I 
have, however, diſcovered a method which I ſhall explain. 
not only of giving the metal a parabolic figure, but alſo of 
recovering it when it happens to be injured; both tg be 
effected in the act of poliſhing, and the former as cer- 
tainly as the ſpherical figure is given upon the hones.. 
Indeed, if we conſider rightly, poliſhing will be perceived: 
to be but a kind of grinding with a finer order of ſtiqkes, 
and with a powder infinitely finer than was before uſed 
in what is commonly called the grinding. But before L 
deſcribe this method, which was. the reſult of many 
years experience, I will take the liberty of making ſome 
few ſtrictures. on that of Meſſ. HaDLEy and Mor - 
NEUX, Which 1s followel. by the generality of Work- 


men. 


Firſt 


of Meta for refedting. nb, 25 
Firſt, then, tlie tool itſelf uſed . by ihem for poliſh; 


lag we sl. +) Mone, wirt in api Mſiralky,,. Thi 


"Grit deſeribed-polither i is directed to be. made by c coverin 1g. 
the toob with 'arcenet, which, is to be ſaturated with a 

ſolution of pitch i in ſpirit of wine, by. ſueceſſi ve applica- 
tions of it with a,bruſh, till it is covered, and by the eva- 
ppratinn of the ſpirit of wine filled with this extract of 


Puchz thefurface isthen do be worked dovn and finiſhed 


with the bruiſer. p This is all very eaſy in imagination; 


but. choever has dſed this method Grhich I have myſelf 


utiſucoeſsfully ſeveral times) muſt have. faund i it attended 
with infinite labour, and at laſt the buſineſs done in A 
very unſatisfactory manmer; for the pitch by this proceſs 
' Will be deprived of an eſſential part of its compoſition. 
The ſpirit of wine diffolves.none. but the reſinous parts 
of its ſubſtance, which is hard and untractable; and if 
v uſe ſoap or ſpirit of wine to ſoften or diſſolve it, it 
III equally affect the whole ſurface, the lower as well as 
"Kigtier parts of it. And ſuppoſe that with infinite labour 
with the bruiſer, it is at laſt reduced to a fine uniform 
ſurface, it is nevertheleſs too hard ever to give a good 
poliſh with that luſtre which is always ſeen in Mr. 
SHORT's, and indeed all other good metals. Nor will it 
give a good ſpherical figure; for a perfect ſphere is 
formed, as I obſerved before, by that intimate accommo- 
D dation 
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which is = ſeldom den. fl 
"Is the vonner be made i in the eeond manner propo⸗ 
ſ ed, by ſtraining 8 the pitch through an outer covering, 


Which is afterwards to be ftripped off, the fuperficies of 
pitch and farcenet i is ſo very thin, that the putty, work- | 
ing into them, forms a ſurfice hard and untractable, io 


that it is impoffible to give the ſpeculum a fine poliſh. 

Accordingly all thoſe metals which are wrought that w. ay- 
have an order of ſcratches inſtead of poliſh, diſcove ring” 
itſelf by a'greyiſh viſible ſurface. Beſides, ſuppoſing this 
tool perfectly finiſhed; and anſwering its purpoſe ever 1 
well, it is impoſſible it can produce i in the ſpeculum 1 4 ag 


other than a ſpherical fi gure; and indeed nothing elſe 18 


expected from this method, as very evidently cates 


the experiment recommended to aſcertain the truth of” 
the figure. You are directed to place a ſmall Juminous | 
object in the center of the ſphere of which the metal is 
a ſegment, and then having adjuſted an eye-glaſs at the 
diſtance of its own focal length from the object, and ſo 
ſituated that the image of the object formed by the ſpe- 
culum may be viſt ble to the eye, you are to judge of the 
perfect 
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| © metal. by exactly its radius, wr hh but. a true 


Social figure of the ſpeculum can produce a ſharp 
diſtin image; and that the image could not be diſtinct 
: if the figure of the ſpeculum were parabolic. Conſe- 
quently, if the ſame ſpeculum uſed in a teleſcope were 
to receive parallel rays, there would neceſſarily be a con- 
fiderable aberration produced, and a conſequent imper- 
fection in the image. Accordingly, there never was a 
: good teleſcope made in this manner; for if the number 
of degrees, or the portion of the ſphere of which the 
Front.n metal is a part, were as confiderable as it ought to 
be, or as great as Mr. SHORT allowed in his metal, the 
inftrument would bear but a very low charge, unleſs a 
great part of the circumference of the metal were cut off 
by an gn aperture, and the ill effects of the aberration by 
that means in ſome meaſure preventel. | 
lf ever a finiſhed metal turned out without this defect, 
and has been found perfectly ſharp and diſtinct, it muſt 
have been owing to an accidental parabolic tendency, no 
ways the natural reſult of the proceſs, and therefore quite 


unexpected, and moſt probably unknown, to the Work. 
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proper and cor ect par: e to 
though'it came of impotent Hom the x. ones, < 
quiſite poliſh at the fate time. 
Having made many efforts in the former e £ 
which by no means pleaſed me for thereafons above- men- 
tioned; and Having' obfl rved, from ſome of Mr. s HOH s 
teleſcopes which fell intomyhands, that the high luſtre of 
the poliſh could never have been produced in the manner 
above deſcribed; but by ſome ſofter and more tender ſub-· 


ſtance ; and at the ſame time recollecting, that Sir Is AA 


NEWTON had given an account in his Optics of his hav- 
ing finiſhed ſome metals, and conſiderably mended" the 
object glaſs of a refractor, by working both upon a t66E 
whoſe ſurface had been covered with common pitch | 
about the thickneſs of a groat; reflecting, I fay, upon 
theſe matters (coarſe and uncertain as this method ap- 


peared at firft fight) I was determined to try whether I 
could not get rid of my embarraſſment, by a mode of 


operation ſomewhat ſimilar. Accordingly, ſhortening 
| Dr. 


— _ 
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0 Hr r cen 1— =. 
7 aroceſs, Made a ſet of tools in che manner 
Desen en excopt that I was obliged to make ſome 
ſabſequent alteration in the-poliſher which I ſhall pre- 
ſently deſcribe. Having given a good ſpherical figure 
to the braſs tool and the bruiſer, and likewiſe to the 
metal upon the hones, and made the brafs convex tool ſo 
hot as juſt not to hurt the finger, I tied a lamp of com- 
mon pitch (which ſhould be meither too hard nor too 
ſoft) in a rag, and holding it in a pair of tongs over a ſtill 
fire where there was no riſing duſt, till it was ready to 
ſtrain through the linen, I cauſed it to drop upon the 
ſeveral parts of the convex tool, till L ſuppoſed it would 
eayer the whole ſurface about double the thickneſs of a 
willing; then — the pitch as equally as I could, I 
ſuffered the poliſher (by which name I ſhall for the 


future call this tool) to grow quite cold. I then warmed 


the bruifer ſo hot as almoſt to burn my fingers, and hav- 
ing fixed it to the bench with its face upwards, I ſud- 
denly placed the poliſher upon it, and quickly ſlid it off; 

by this means rendering the ſurface of the pitch more 
equal. The pitch is then to be wiped off from the bruiſer 
with a little tow; and by touching the ſurface with a 
tallow candle, and wiping it a ſecond time, it will be then 
Perfectly clean and fit for a ſecond proceſs of the ſame 
fort, which muſt again be performed as quickly as paſſi ble; 

| and 
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0 ſuffered t to Up perft } 
conſidering what hat been ken 
thickneſs of a ſhilling. 1 oh 
It is however bere neceffary t to Wee Stent en 
fhould be neither very hard and reſinous, nor too ſoft; if 
the former, it will be ſo untractable as not to work : 
| kindly; - and if too ſoft, it will i in working alter its figure | 
faſter. than the metal, and too readily fit itſelf to the ir- 
regularity of its figure, if it have any. When both wt 
were RR _ I gave the bene gen- c warmth, 


1 over the face of the poliſher a little water 20 IV, | 
to prevent ſticking) with ſhort, ſtraight, and rou d 
ſtrokes I worked it upon the bruiſer, every now and then 
adding a little more water and ſoap, till the pitch upon 
the poliſher kad a fine ſurface, and the true form of the 
bruiſer; and this I continued to do till they both grew : 
perfectly cold together: in this manner the poliſher was 
perfectly formed in about a quarter of an hour. But 
here a difficulty aroſe: when I begun to poliſh the metal. 
I found that the edge of the hole in the metal collected 
the pitch towards the middle of the Poliſher; and 
though 


— — 


| 14 Math 5 pee Yea 5h . 
Gott in this Wechtl of working 1 Satt Ke 8 45 
quilt te poliſh, as as t 4 E putty lod ged itlelk f in the pitch 


en edingly well, yet the fi | bot the metal was injured = FT - 

in the middle, nor did indeed the work go on with that 

| equability which is the inſeparable attendant on a good 
4 figure. - In order to obviate this difficulty, I caft ſome 

metals with 2 continued face, the holes not going quite 

through, within perhaps the thickneſs of a ſix-pence. 

I finiſhed two or three metals of this ſort, and the work 
promiſed and went on very well; but when I came to open 
the holes, which I did with the utmoſt caution, 1 found 

| the metals ſhort of perfection; which I attributed to an 

| altEration of the figure from the removal of even that ſi mall 

5 pOtiön of metal after the ſpeculum had been finiſhed. 
Ts 1⁰ ſuppoſe was in ſome meaſure the reaſon why I 
ſpdited a very diſtinct and perfect two-foot metal, which 
_ bore a a Charge of two hundred times, only by opening 
the marp part of the edge of the hole, becauſe I thought 
| it Youtided the field: ſo efſentially neceſſary is an exqui- 
ſitè correctneſs of figure in the OY ok a * 

| refleor. 1 

This experiment not ſucceeding, inſtead of caſting the: 
metal without a hole, I made. one quite through the: 
middle of the poliſher, a little leſs than that in the ſpe- 
culum.. This perfectly anſwered the purpoſe; no more: 
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" inconvenience aroſe Bom the gath ring of the pitch (+ or 


it had now no greater tendency to collect at the onde = 
than the ſides) and I finiſhec 
excellent both in point of figure and poliſh ; one of tlioſe 


ſeveral metals ſucceſſively, E 


of two inches diameter and 7, 5 focal length, bore a charge 
of ſixty times and upwards, which when mounted in a 


teleſcope I gave to my brother. This teleſcope underwent 2 
Mir. SHORT'S examination, who was pleaſed to: remark 3 
only, that he thought he had made one more diſtincte. 


I muſt obſerve, that in this method of working the 


poliſhing goes on in an agreeable, uniform, and ſmooth 
manner; and that the ſmall degree « of yielding in the 4 


pitch (which is actually not more than the weari 
the metal) produces that mutual accommodation of 


ſurfaces ſo neceffary to a true figure. In the beginni Ty 
of the poliſh, and indeed for ſome time during the pro- 
greſs of it (always remembering now and then to move 


itt, 


the metal round its axis) I worked round and round, not 


51K {] 


far from and always equally diſtant from the center, ex- 
cept that every time, previous to the ſhifting the metal 


on its axis, I uſed a croſs ſtroke or two; and when the 
poliſh was nearly compleated, I moſtly uſed croſs ſtrokes, 
giving a round ſtroke or two likewife every time I turned 
the metal on its axis. 1 obſerved in this method of work- 


ing, that the metal always poliſhed faſteſt in the middle; 
inſomuch, 


8 infomnath; that half or two-thirds of it would be com- 
pletely poliſhed whe che cireumference or ft was ſcarcely 
touched by the tool,” Obſrving this in ſome of the firſt 
metals, and not conſidering that this way of poliſhing 


was in fact a ſpecies of grinding, and as perfect as that 


upon the hones, I went on reluctantly with the work, 


figure. However, I always found myfelf agreeably 
deceived; for when the poliſh was extended to the 
edge, or within the tenth of an inch of it, 1 almoſt 


conſtantly found the figure good, and the performance 


4 of the metal very diſtinct. But this ſame circumſtance of 
apparent defect in the metals, was in fact that to which 
their perfection was owing; for they all, contrary to my 
' expeGtation, turned out parabolic.. However I did not 


for a great while know any certain Way of giving that 


degree of parabolic tendency whieh was juſt neceſſary, 
and which will be deſcribed hereafter. It was a long 
time before I got rid of my prejudice againſt this appa- 


rent imperfection in the proceſs, or could reconcile my- 
ſelf to the irregular manner in which the poliſh pro- 


ceeded; for I looked upon it as a certain ſource of error, 


and notwithſtanding I ſaw it eventually ſucceed, yet 
whenever 1 chanced to find that a metal, when firſt ap- 


plied to che poliſher, took the poliſh equally all over, 
D 4 DO and 
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almoſt deſpairing of being able to produce a good 
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Pep abou; ten eee Aer choſe © aſtances, 1 
always uſed to pleaſe: myſelf with, the expectation -c 
correct figure, at leaſt as much ſo as the werd «i 


ceived-from the hones, where the. 


and equally taken off by the putty; Dot in chis 1. | ma 


ſtantly: found myſelf deceived, and the metal turned out 
good for nothing. In ſhort, at this time, though I ſpe- 
culatively knew that a parabolic figure was neceſſary to 
a perfect image, I yet ae it as of little en 


conſequence. _ art 


From the foregoing experiments, and a number of 
ſucceeding trials, I at length diſcovered a certain mange 
giving a correct parabolic figure, and an exquiſite poliſſi 
at the ſame time. IT his, which I have ſtrong reaſons'to 


believe was Mr. SHORT'S method, 1 will now n ein 


as few words as I can. ot arcs J 38161191 
| | Lieidey 

bs T9A6K 

_ How zo poliſh the ſpeculum. | nor 


It is firſt neceſſary to obſeree, that, in order to avoid . 
the detrimental intruſions of any particles of emery, it 
would not be right to poliſh in the ſame room where the 
metal and tools were ground, nor in the ſame cloaths 
which were worn in the former proceſs ; at leaſt it would 

be 
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xvex tool | equa ly. with du Which we Wim 
moot! ed and finiſhed with the braſs tool in the manner 
before deſcribed, and which is a very eaſy proceſs, the 
wins is FORE T_ ape no in ow £00 
manner. 35 
The 3 welght or handle upon the back of the 
Gi ſhould be divided into eight parts, by ſo many deep 
ſtrokes of a graver upon the upper ſurface of the lead, 
marking each ſtroke with the numbers 1, 2, 3, 4, and ſo 
en, that the turns of the metal in the hand 3 wy 
knen to be uniform and regular. = 
-+ To prevent any miſchief from coarſe particles of 
putty, Ialways waſh it immediately before uſing. In order 
to this, put about half an ounce of putty into an ounce 
phial, and fill it two-thirds with water; then having 
ſhaken the whole, let the putty ene, and ſtop the 
bottle with a cork. | 
In a tea-cup with a little water, there ſhould be a full- 
ſized camebs-hair bruſh, and a piece of dry clean ſoap in 
a galley- pot: a ſoft piece of ſpunge will alſo be neceſſary. 
Theſe, as well as the metal bruiſer and poliſher, ſhould 


be conſtantly covered from duſt, 


E 2 The 


e Prowl 
773 Hf. : 


. „e bed a littie over the 
let every part of the tool be bruſhed over therewith; 
then work the bruiſer with mort, traight, 


* 


now Lede = 1 the reihen en a good face, 
in the phial, and touched the poliſher in five or ſix places 
with the cork wetted with that and the water, place the 
bruiſer upon the tool, and give a few ſtrokes upon the 
putty to rub down any gritty particles; after which: 
having removed it, work the metal lightly upon the po. 
 liſher round and round, carrying the edges of the ſpecu- 
lam, however, not quite half an inch over the edge oF 
the tool, and now and then with a croſs ſtroke. 010 
The firſt putty, and indeed all the ſucceeding 'appH-' 
cations of it, ſhould be wrought with a conſiderable 
while; for if time be not given for the putty to bed it” 
ſelf in the pitch, and any quantity of it lie looſe upoti the” 
poliſher, it will accumulate into knobs, which will - 
jure the figure of the metal: and therefore as often as ever 
ſuch knobs ariſe, they muſt be carefully ſcraped off wit 
the point of a penknife, and the looſe ſtuff taken away- 
with the bruſh. After the putty is well wrought into the 
pitch, ſome more. may be added in the ſame manner, but 
never 
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aphto Rick, and donor Hide ſmoothly upon the pitch, the 
 furfacg of either tool may be occaſionally bruſhed over 
vith the ſoap and water, but. it muſt be remembered that 
che wet braſh me | t be but lightly rubbed upon the ſoap. | 
In the beginning of this proceſs, little effect is pro- 
ae and the metal does not ſeem to poliſn faſt, in ſome 
meaſure. owing to its taking the poliſh in the middle, and 
erhaps-becauſe neither. that nor the bruiſer move evenly 
uponthe poliſher : but a little perſeverance will. bring the 
whole into a good temper of working; and, when the 
Pitch is well defended by the coating of the putty, the 
proceſs will advance apace, and the former acquiring poſ- 
ſibly ſome little warmth, the metal moves more agreea- 
bly. over it, with an uniform and regular friction. All this 
while the metal muſt have no more preſſure than that 
which it derives from its own weight and that of the 
handle; and the poliſher muſt, neyer be ſuffered to grow 
dry, but, as often as it has any tendency to do ſo, the edges 
of it muſt be moiſtened with the hair- pencil; and now 
and then, even when freſh putty is not laid on, the ſur- 
face of the poliſher ſhould be touched with the bruſh to 
„ 1772 0. fern 
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round, to lead you only to the croſs ſtrokes, whii 
now to be principally uſed, and with more boldneſs... 


nnin der Witt eee eee eee | 
and gently rubbed it with two or three ſtrokes ef the 
bruiſer, » you place the metal on the tool and after a ſtroke 
or two'round and round, give it a few forward and back 


ward, and from ſide to ſide, but with the edges very little; 


over the tool; then having turned the metal one- eighth 
round in your hand, and having moved yourſelf as tum 
round the block (which muſt be remembered:throug] 

the whole proceſs) you go on again with a ſtroke * Wa: 


After this has been done ſome time, the metal will begin, 

to move ſtiffly as the friction now increaſes, and the ſpe=, 
culum poliſhes very beautifully and faſt; and the whale; | 
ſurface of the poliſhing tool will be equally covered oven; 


with a fine metallic bronze. The tool even now muſt 


not be ſuffered to become dry; a ſingle round ſtroke i in 


each of your ſtations and turnings of the metal will 


be ſufficient, and the reſt muſt all be croſs ones, for we 


are completing a circular — You muſt now be very 
diligent, 


fr ta iti arg et | 
1 at an end. As the metal wears much, ig ſurface 
muſt be now and then cleaned, with a piece of ſhammy 
leather, from the black ſtuff which collects upon it; and 
the poliſher likewiſe from the ſame matter, with a ſoft 
piece of wet ſponge. Vou will. now be able to judge of 
the perfect ſpherical figure of the metal and tool, when 


there is a perfect correſpondence between the ſurfaces,. 


by the fine equable feel there is in working, which is 
totally free from all jerks and inequalities. Having pro- 
ceeded thus far, you may put the laſt finiſhing to this 

figure of the metal by bold croſs ſtrokes, only three or 


fbr itt the directions of each of the eight diameters, | 


turning che metal at the ſame time: this muſt be done 


quickly, for it ought, in this part of the proceſs particu- 
larly, to be remembered, that, if you permit the tool to 
grow quite dry, you will never be able, with all your 


"mw to ſeparate that and the N without deſtroying 
the poliſher by heat. 1 

The metal has now a beautiful poliſh and a true 

ſpherical figure, but will by no means make a ſharp diſ- 


tinct image in the teleſcope: for the ſpeculum (if it be 


tried in the manner hereafter recommended) will not be 


found to make parallel rays converge ' without great 
__ aberration; 
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In order then to give the ſpectilum the Haft and 
ing figure, which is done by a few firokes, it mut 
particularly remarked, that by working the metal round 
and round, the ſphere of the polifher by this means 
growing leſs, it wears faſteſt in the middle: and as" a | 

- ſegment of a ſphere may become parabolic, | 5 pen- - 
ing the extremes gradually from within outwäards o 
it may be equally well done by increaſing the curva- 
ture in the middle, in a certain n from = e 


wards. {A 


Suppoſing then the metal to be now rely chest, | 


ſtop the hole in the poliſher, by forcing a cork ifito it 


underneath, about an inch, ſo that it do not reach quite 
to the ſurface; and having waſhed off any mud chat may 


be on the ſurface of the tool with a wet ſoft piece of 
ſponge, whilſt the ſurface of it is a little moiſt, place the 


center of the metal upon the middle of the poliſher; 


then having, with the wet bruſh, lodged as much water 


round the edge of the metal as the projecting edge will 
hold, 
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ler che whole zelt in this ſtate. two or three e 5 
will produce an intimate contact between the two, and. 
by, parting; with any degree of, warmth: they may have 
acquired by the: vicinity of Fab apart they tee 
perfectly cold together. 
y this time you may e out the cots from the "ig 
liſher, to diſc} ins waters and give the pagan the per 
wee bene in the fallow | 
Nove the metal gently and peg at firſt, a very little | 
Fe the centre of the poliſher (indeed after this reſt it 
Will move ſtiffly) then increaſing by degrees the dia- 
meter of theſe ſtrokes, and turning the metal frequently 
round its axis, give it a larger circular motion, and 
this without any preſſure but its own weight, and 
17 holding it looſely between the fin gers: this manner 
„working may ſafely be continued about two mi- 
nmntes, moving yourſelf as uſual round the block, 
and carrying the round ſtrokes in their increaſed f 
and largeſt ſtate, not more than will move the edge 
of the metal half an inch or five-eighths over the tool. 
The ſpeculum muſt not all this while be taken off from 


the e and conſequently no freſh putty can be. 
* added. 
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makeviagreatdbatoPt 
fion, it may be done; and 1 have-1 try feral 
recovered the circular figure, when I Had: —— 


gone too far with the parabolic; and ultimately finiſhed) 
the metal on the * without t the had of the hoties: - 
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. try the true ones of th the. metal: 


| Ir willow be proper to try tlie Rgure of the Teen 
lum, and that is always beſt done by. placing it in the 
teleſcope it is intended for. Ir order to this, I uſe the in 
ſtrument as a kind of microſcope, placin 8 the object, 
however, at ſuch a diſtance that the rays may be nearly 
parallel. At about twenty yards a watch-paper, or ſome 
ſuch object, on which there are ſome very fine hair 
ſtrokes of a graver, is fixed up. The lead muſt be then 
taken off from the back of the ſpeculum; which is beſt 
done by placing the edge of a knife at the junction of 
the lead and metal, when, by ſtriking the back of it with a 
ſlight 
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of the metal covered by it-is fuppaſed tn be Fee and 
| therefore unemployed. 

There mult likewiſe; be two other circular pieces of 
card-paper- cut out, of ſuch fizes, that one may cover the 


center of the metal by completely filling the hole in the 


laſt deſcribed annular piece; and the other, ſuch a round 
piece as ſhall exactly fit into the tube, and fo broad as 


ference.of the middle annular piece. It would be con- 


venient to have thefe two laſt pieces ſo fixed to an axis 


_ that they may be put in their places, or removed 
ſo eaſily as not to diſplace or ſhake the 
8 FN inſtrument. 
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paper ring ſhould be fixed in the mouth of the teleſcope, 
and remain ſo during the whole experiment, for the part 


that the inner edge may juſt touch the outward circum- 
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+ metal, or that which has no 


every thing elſe remaining at Wren repla 


be perfectly ſharp and equally diſtinct, the 
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by a nee althiſtment of the ſer , 1 e (hich. 
is noty formed by the center of ne mint) be made 
as "ſharp and diſtinct as pofffble- © This being done; 
0 e the central? 
Biece, and eme the” outfide afifibifay on e; ©, by "Which 

means the eirci nce only of the 5 
expoſed, and the image now formed WiN v2 from el 
rays reflected from the outſide of the metal. If there he- 
no occaſion to move che ſere v and little metalʒ aht the- 
two images formed by theſe two portions of the-met 


perfect; and-of the true parabolic Dre Or at been the» 
errors of the great and little peceulum, if chere e any; 


£ ua * 


are corrected by- each other 112339Þ 2z6L 
If, on the contrary, under the laſt N the 
image from the outſide of the metal ſhould not bed 


tinct, and it ſhould become neceſſiry, in order to n 
ſo, that the little ſpeculum be brought nearer, it is plain 
that the metal is not yet brought to the parabolic figure; 
but if, on the other hand, in-order-to.procure diſtinctneſs, 


you beobliged to move the little fpeculum farther off, then 


the figure of the great ſpeculum has been carried beyond 
. the 


- 
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zularr be not yet brought tothe parabolic form, 
atiouſly have a few more round ſtrokes upon 
Pr mms; indeed a very few of them i in the manner be- 
ibed make in effect a greater difference in the 
bee than would be at firſt imagined.” If a metal of 
a true ſpherical figure were to de tried in the above men- 
_ tioned manner in the teleſcope (which I have frequently: 
done) the difference of the foci of the two ſegments of 
the metal would be ſb conſſderable, as to require two or 
three turns of the ſcrew to adjuſt them; ſo very great is: 
the aberration of a fpherical figure of theſpeculum, and ſo 
improper to procure that ſharpneſs and W ſo ne- 
oeſſary to a good reffecting teleſcope. E 
This is by no means the caſe with the ob ject glaſſes of 
refractors; for beſides that they are in fact never ſo diſ-- 
tinct as well finiſhed reflectors, the apertures of them 2 
are ſo exceedingly ſmall, compared to the latter, and the 
number of degrees employed ſo very ſmall, that tlie in 
convenience of a ſpherical figure is not {6 muck per- 
ceived. Accordingly we obſerve i in the generality of. 
reflectors. 
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1 „ eee * 
wenn perfe@tly caincide, and 
3 „ when the. apertures are rernaved, | 
F I . - the objects very ſharp and diſt inct, you are not h 6 
1 even then to oonclude that the in ſtrument is not capable 
| farther improvement; for you will perceive a ſer | 
. ifference in the ſharpneſs of the image, under diffevent; - 
| ; RP of the great. ſpeculum with reſpect to the N 


one, by turning round the great metal in its cell, and 
oppoſing different parts of it to different parts of the little 


other. This attempt ſhould be 

| time, turning round the great: ſpeculum about one - fix. 5 ä 
teenth at a time, and carefully obſerving the moſt diſtin&- 
ſituation each time the eye- piece is ſcrewed on: when, 
by trying and turning the great metal all round, che 
acteſt poſition is diſcovered, the upper part of the 
#27 metal 
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9 tion. This is the method Mr. SHORT babe, uſed; ache 
caution is of i& mück ehfequ uen oe, that he thou ght it 
neceſfary to rhentionh it very a in his prin prin inte: 
directions for the ufẽ of the infifurien = 
And farther; Nr. sfHofr frequen l his: 
errors of the great by the little metal in 1 5 way. If 
me great ſpeculum did not anſwer quite well in the tele- 
„ ee etimes by trying the effect. 
feve : Help „by this means Correcking 
Ar errors of one by the other; for in ſeveral of his tele- 
ſscopes- which: have palled: through my hands, When 
tte fizes and powers: have been the ſame, I have found 
that the great metals, though very diſtinct in their pto-- 
per teleſtopes, yet have, when taken. out and changed 
from one to the other, 1 boiled both teleſcopes, render-- 
itig them exceedingly indiſtinct, which could ariſe from: 
no other. circumſtatice;- For this reaſon' 1 ſuppoſe. it: 
was, that he kept, ready finiſhed,, à great many large: 
metals of the fame focal length, ſo that, when he wanted: 
to mouñt a teleſcope, he might from a great choice, , 
be able to combine thoſe. metals which ſuited each: 
other beſt. . I am ſtrongly inclined to believe this was the 
caſe, not only from the above obſervation, but becauſe: 
he- 
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To return: altfle uff in working) 

the proceſs of grindin aly 
certain; for though 1 have Jax dee to hea as particu- C 
lar as I can dam almoſt afraid too much ſo) it is yet 
ſcarcely poſſible” to, ſupply, a want of dexterity, ariſing, | 
from habit. only, by the moſt laboured and minute de- 


Will ess the bee 


L 


ſcription. And though the above account may appear 


irkſome to the reader, as it lies cold before the eye, I am 


: very ſure, whoever attempts to make the inſtrument, 


will not complain of it as tediouſly particular. e 
1 will, however, farther remark, that when the metal 


begins to move ſtiffly upon the poliſher, and particularly 


when the figure is almoſt brought to the parabolic form, 


it will be neceſſary to fix the elbows againſt the ſides, in 


4 


\ 
* 


order to give momentum and equability to the my - 


of the hand by that of the whole body. | I 
The ſame poliſher will ſerve for ſeveral e if it 
be ſomewhat warmed when you begin to uſe it. 
There is another circumſtance, and a material Rn, 
too, which muſt not be omitted; it is this. For the very 
ſame reaſon that the pitch ſhould not be too hard or ſoft, 
the work W: not proceed well in the heat of dummer, 
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nge. either caſe whet & the work will go on | 
fkindly:'? OO OR always W tought in iy 8 1 0 and 
ae, eee a te et e. 151 

The proceſs of poliſhing, and indeed grinding upon 
- this hones, will not 8⁰ on ſo well if it be not continued 
| aniergrtly from beginnin g to end; for if the work 
of either kind be left but for a quarter of am hour, and 
u then return to it again, it will be ſome time before 


the tool and metal can get into a kindly way of workin g; 


nd till they do, you are hurting what was done before. 
et : 10 8 have all along ſuppoſed that the metal we have been 
working was about four inches diameter: if it be either 
larger or ſmaller, the ſizes of the hones, bruiſer, and po- 
Uſher, muſt be proportionably different. I never find any 
ill conſequence ariſing from the different expanſion from 
heat and cold in any of the tools, though they be made of 
different metals and ſubſtances, unleſs the i inconvenience, 
_ occaſioned by the interruption before hintedat, bethou ght 
to reſult from thence; for the alteration: produced i in the 
ſurface of the ſpeculum, both by grinding and poliſhing, 
is ſo much quicker than any that can be W to ariſe 
G from 


. 


| ters f ſabtend but a very ſmall angle at the eye, if 


1 ach 


page is placed a agreat:diltance,fo war esl 


ith. great preciſion. and ſharpneſs, it bis moſkpro- 
that the inftrument is 2 god one, Int we ace, nen 
verthele s, ſometimes apt ta be deceived, by this method z, 


nor is it ways poſſible to > determine upon the dfferent, 


merits of two in 
of nen 


ha Lbs can be — * there n made . all the ned. 


are gueſſed at by the ſenſe; ; infomuch that an obſerver, 
zealous for the honour of his i ent, is very apt, ta 


| deceive himſelf in ſpite of his intentions. The ſurer teſt is, 


by figures, where you. can procure no aid from this ſort 
of deception. In order to examine my reflecting tele - 
ſcopes, I made upon a piece of copper Ane on a black 


ground, ſix lines conſiſting of about twelve paces: of gold ; 


figures, and each line of figures differing in magnitude, 
from the ſmalleſt that could be diſtinctly made to. thoſe 
of 
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of ce ane powers; that Whiek Car hrake out the fei 
order of Kgures, "Which will be known by the fu, is cds 
bet teleſcbpe. Such a plate I cauſed to be Hxed up fbr 
experiinlents againſt rhe dp ef Aeeple, about tires hüi- 
dtxxed yards North ef thy houſe; and it will ferve to give 
ſbsie idea of the diſtinctneſs with which very ſinall figures 
Suld be made ot at that diſtance by faying, that 3 in a 
clear fate of the air; and with the Sun behind me, with 
Tteteſcope of eighteen inches focal length, which Count 

ron did me the honour to accept and now has in his 


| potieflion, I have feen the legs of 4 ſmall fly, and the 


ſhadows of them, with great preciſion and exactneſs. 

I cannot conclude without indulging myſelf? in an ob- 
ſervation on the amazing ſagacity of Sir is AAC NEWTON 
iff every ſubject upon which he thought fit to employ 


his attention. It was he who firſt propoſed, and indeed 


practiſed, the poliſhing with pitch; a ſubſtance which at 
Arft fight perhaps every one but himſelf would have 
thought very improper, fronTits ſoftneſs, to produce that 
correctneſs of figure ſo neceſſary upon theſe occaſions; 
| and yet I do believe, that it is the only ſabſtance in nature 
G 2 that 
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5 ple, une alteration, in the, Ggure, 3 you give, i, If 
the firſt; makers of the in ument, tl * 
proper cradit to, or had imply followed the 
ISAAC, gave, it would. have; ſaved chem infinite trouble, 1 0 
and they would have produced much better inſtruments 
but the pretended refinement, of drawing a tincture 

from pitch with ſpirits of wine, affords you only the re- 
ſinous, hard, and untractable part of the pitch, diveſted | 
of all that part of its original ſubſtance which is neceſſary 3 

1 : to give it. that bee ad To in which its 

1 — 5 | excellence conſiſts. 0 3 % 29 3 ND? 

| It is needleſs to ſwell 8 account ma a ork. of the 
proceſs for poliſhing the little ſpeculum, as it muſt be 
conducted in the ſame manner which has been alreally = 

_ deſcribed in that of the large one; only obſerving, that 
as the little metal has an uninterrupted face, without a 
hole, ſo there is no occaſion for one in the poliſher; and 
likewiſe that, as a ſpherical figure is all that need here be 
practically attempted, ſo the difficulty in engl is infi- 
nitely ſhort of that of the other. 
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of doing it, which may be very uſeful to the optical or 
mathematical inſtrument- maker upon other occaſions. 
Having cleaned the parts to be ſoldered very well, cut out 


a piece of tin - foil the exact ſize of them; then dip a fea- 


7 ther into a pretty ſtrong ſolution of ſal ammoniac in wa- 


ter, and rub it over the ſurfaces to be ſoldered; after 
which place the tin-foil between them as faſt as you can 
(for. the air will quickly corrode their furfaces. ſo as to 


prevent the ſolder taking) and give the whole a gradual 
and ſufficient heat to melt the tin. If the joints to be 
1. dered have been made very flat, they will not be 
thicker than a hair: though the ſurfaces be ever ſo ex- 
tenſive, the ſoldering may be conducted in the ſame man- 
ner, only that care muſt be taken, by general preſſure, to 
keep them cloſe together. In this manner, for inſtance, 
a fllver graduated plate may be ſoldered on to the braſs 
limb: of a quadrant, ſo as not to be diſcernable by any 


thing but the different colour of the metals. This me- 


thod was communicated to me by the late Mr. IAckso, 
who during his life kept it a ſecret, as he uſed it in the 
conſtruction of his quadrants, and is, I believe, not as yet 
knowa to any workman. 
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lt was ſome time after I had written the above account 
that I ſaw Mr. sHORr“ method of poliſhing object glaſſes 
for refracting teleſvopes, which is publiſhed in the Tran 
factions. By that paper I find that What I before 
ſtrongly ſuſpected is really the caſe, vis. that be ken 
how well pitch was calculated for purpoſes of this king” 
Only it may be remarked, that as glaſs is is much harder, 
poliſhes much flower, and conſequently does not We 
away and alter its figure ſo ſoon as the aner wk 
the ſpeculum is made; and as at the ſame time (on ac- 
count of the very ſmall apertures allowed to teleſtppes 
of this ſort) nothing more than a ſpherical fi gure is pr pro- 
poſed; he is therefore obliged to uſe pitch in a TT? 
friable, and ſtubborn ſtate: whereas, conſidering the de. 
licate ſubſtance of the metal ſpeculum, and the figure 5 
intended to be given to it, the ſoft pitch of the common 
ſort, by * the putty to bed itſelf 1 in its ſubſtance, 
produces 
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EXPLANATION OF THE FIGURES. 


| Fig. 1. The grinder for working off the rough face of 

_the metal; the black ſtrokes * * grooves 
made with a graver. 

Fig. 2. The bed of hones, okich is to complete the 
ſpherical figure of the ſpeculum, and to render its 
furface fit for the poliſner. 5 

rig 3. An apparatus for . the parabolic figure 

of the ſpeculum. _ 

AA The mouth of the teleſcope, 0 or ed, ge of the great 
BB. A * piece of wood fastened into, And fluſh with the 
: end of the tube; to which is permanently fixed the 
annular piece of paſte-board cc, intended to cover, 
| and to prevent the action of the correſponding part 


of the ſpeculum. 
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